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Background: Cataract is a common and correctable ophthalmological condition that is associated with
a poor quality of life and shortened life expectancy in older people. However, little is known regarding
the use of cataract surgery in stroke patients after the incident event.
Methods: A national cohort of 5462 patients who had experienced an acute stroke event without severe
physical disability between 2000 and 2003, and 26,434 randomly selected age- and sex-matched
controls were obtained from a random population-based sample of the National Health Insurance
database in Taiwan. Multivariate Cox proportional hazard regression analysis was used to assess the
association between stroke events and cataract surgery.
Results: After a 5-year follow-up, 482 stroke patients (8.8%) and 1897 controls (7.2%) had received
cataract surgery after the index dates of their stroke. The incidence of subsequent cataract surgery
following acute stroke was 27% higher than that in the comparison group (crude hazard ratio 1.27;
p < 0.001). Adjusted for age, sex, co-morbid medical diseases, use of systemic steroids, exposure to
radiation during computed tomography, and socioeconomic status, the incidence of cataract surgery in
the stroke patients was 30% higher than that in the comparison group (adjusted hazard ratio 1.30;
p < 0.001).
Conclusion: A 30% increase in the use of cataract surgery was noted among the survivors of acute stroke
with mild-to-moderate disabilities, which may result from the increased need for better vision after
stroke.
Copyright  2012, Asia Paciﬁc League of Clinical Gerontology & Geriatrics. Published by Elsevier Taiwan
Open access under CC BY-NC-ND license.LLC.1. Introduction
Cataract, one of the leading causes of vision loss worldwide, is
a common and correctable ophthalmologic condition associated
with impaired quality of life and shortened life expectancy in the
elderly, whichmay be particularly true for the survivors of stroke.1e3
Moreover, stroke survivors are more vulnerable to functional
disability than healthy elders because visual problems compound
the motor sequelae of a stroke.4 As cataract surgery is the most
effective treatment to correct lens-related visual loss,5,6 a trend ofGerontology, Taipei Veterans
dicine, National Yang-Ming
aiwan.
n).
linical Gerontology & Geriatrics. Pincreased cataract surgery following acute stroke episodes has been
reported.7 However, the casual relationship between acute stroke
and subsequent cataract surgeries has not been investigated.
Cataractogenesis is inﬂuenced by multiple risk factors that
include advancing age, diabetes mellitus, drugs, trauma, toxins,
genetic factors, and other ocular diseases. In addition to these risk
factors, oxidative stress and atherosclerosis are two major etio-
logical factors for cataracts, which are also closely related to stroke.3
Cataracts and stroke share several common risk factors; therefore,
they are highly likely to become co-morbid conditions. Moreover,
exposure to radiation from computed tomography (CT) scanning
during themanagement of acute strokesmay accelerate the process
of cataractogenesis.7
Aside from controversies relating to the pathophysiology of
stroke and cataracts, it has been reported that stroke survivors
display a positive attitude toward correcting their visual problemsublished by Elsevier Taiwan LLC. Open access under CC BY-NC-ND license.
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Therefore, stroke patients may have a stronger desire to receive
cataract surgery after the acute stroke. However, it remains unclear
whether the association of an increased need for cataract surgery
after acute stroke is merely the consequence of co-morbid, age-
related conditions or a reﬂection of the need for better vision
among stroke survivors. To clarify this association, the present
study evaluated whether a sequential relationship existed between
cataract surgery and acute stroke by means of a representative
nationwide cohort study.
2. Methods
2.1. Data source
The data sourcewas the Taiwan National Health Insurance (NHI)
Research Database (NHIRD). The NHI is a single-payer system
operated by the government that covers 99% of Taiwan’s 23 million
citizens. After a de-identiﬁcation and encryption process, the
National Health Research Institute (NHRI) recompiled medical
claims and made them publically available for researchers in
Taiwan. To protect privacy, individual and hospital identiﬁers were
unique to the research database and could not be used to trace
individual people or hospitals.
A population-based representative cohort dataset of the NHIRD
with 1,000,000 randomly sampled persons followed from January
1997 to December 2008 was used in this study. Datasets included
all inpatient and outpatient visits, medications prescribed, medi-
cations ﬁlled, laboratory and imaging study orders, and procedure
codes. The NHI’s routine practice of performing cross-checks and
validations of medical charts and claims ensured the accuracy of
the NHIRD diagnostic coding. This study was exempted from full
review by the Institutional Review Board of Taipei Veterans General
Hospital because of the de-identiﬁed nature of the NHIRD data.
2.2. Study cohort
The ﬂow of data-processing in this retrospective cohort study is
summarized in Fig. 1. Data from 214,627 NHI-insured persons aged
50e80 years whowere followed from January 1, 2000 to December
31, 2003 were retrospectively traced from their enrollment back to
January 1, 1997 for exclusion of prior cataract surgery (n ¼ 3921) orFig. 1. Summary of the data-processing ﬂow.prior stroke-related hospitalizations (n ¼ 5179) before enrollment.
Patients who had severe disabilities before enrollment were
excluded (n ¼ 55). After excluding 8896 people, the study cohort
comprised the remaining 205,731 individuals.
2.3. Identiﬁcation of acute stroke events and comparison groups
From the study cohort, patients hospitalized with a discharge
diagnosis of any stroke (ICD-9-CM code 430e438) between January
1, 2000 and December 31, 2003 were captured as patients with
new-onset stroke (n ¼ 6,053). The validity of the diagnosis had
been tested and conﬁrmed.9 The onset date of stroke was deter-
mined as the ﬁrst day of the patients’ ﬁrst hospitalization. A total of
226 patients had received cataract surgery before their acute stroke
event and were excluded.
Patients were stratiﬁed according to their physical disabilities
following acute stroke. In Taiwan, patients with limited physical
activities (wheelchair- or bed-bound for over 50% of their total
waking time) are eligible for home care services. Thus, the use of
a home care service was taken as an indicator of severe disability.
Patients receiving home care services within the ﬁrst 2 years after
an acute stroke event were regarded as having suffered a disabling
stroke event (n ¼ 365), and were excluded from further analysis
because of the high mortality rate in the follow-up period. Overall,
5462 individuals were deﬁned as patients who had suffered
a nondisabling stroke between 2000 and 2003, and were desig-
nated as the stroke group in the following study.
A comparison group was randomly extracted from the
remainder of the original cohort. The comparison group contained
1e5 age- and sex-matched controls for every patient in the stroke
group. An index date was designated as the date of the acute stroke
in the matched case. After excluding those who had received
cataract surgery prior their index date (n ¼ 787), a comparison
group comprising 26,434 age- and sex-matched individuals was
obtained.
2.4. Determination of cataract surgery and covariates
Patients in the stroke and comparison groups were followed up
for 5 years. Cataract surgery was determined by inpatient/outpa-
tient records with procedure codes for cataract operations (ICD-9
procedure code 13.1e13.5). Co-morbidities were determined by
diagnosis codes in the records between 6 weeks before and after
the stroke date (or the index date for the comparison group): ICD-
9-CM code 250.x, 790.2x or 791.5e6 for diabetes, code 401e405 for
hypertension and code 272.x for dyslipidemia, and code 410e414
for coronary heart disease as the surrogate of atherosclerosis. The
use of systemic steroids was assessed by examination for the
relevant prescription codes (Anatomic Therapeutic Classiﬁcation
odes H02A and H02B) between the stroke date and the date of
cataract surgery (or the end of follow-up). Exposure to CT was
assessed by any record of CT between 30 days prior to the stroke
date and the date of cataract surgery (or the end of follow-up).
In addition to demographic factors, co-morbidities, and medi-
cations, socioeconomic factors were also considered for further
analysis. The income levels of the study participants (obtained
through income-related insurance premiums) were grouped into
four categories by the insured wage: New Taiwan Dollar (NTD)$
40,000, 20,000e39,999, 1e19,999, and ﬁxed amount). In Taiwan,
NHI premiums are determined by the insured wage, premium rate,
and social welfare status. Those who lack an incomedsuch as the
unemployed, students, children, and the elderlydare designated as
dependents, and the government or their foster family covers their
insurance premium as a ﬁxed amount income level. According to
a previous report from the NHIRD, urbanization levels in Taiwan
Table 1
Demographic characteristics, co-morbid medical disorders, and socioeconomic
factors for patients experiencing minor stroke and individuals in the comparison
cohort, 2000e2003 (n ¼ 31,896).
Comparison
group without
stroke
(n ¼ 26,434)
Minor stroke
group (n ¼ 5462)
p
n % n %
Demographic factors
Gender 0.783
Male 11,600 43.9 2408 44.1
Female 14,834 56.1 3054 55.9
Age, n (SD) 66.7 (8.4) 66.9 (8.4) 0.081
Co-morbidities
Diabetes <0.001
Yes 2276 8.6 1273 23.3
No 24,158 91.4 4189 76.7
Hypertension <0.001
Yes 6184 23.4 3378 61.8
No 20,250 76.6 2084 38.2
Dyslipidemia <0.001
Yes 1634 6.2 706 12.9
No 24,800 93.8 4756 87.1
Atherosclerosis <0.001
Yes 2370 9.0 1457 26.7
No 24,064 91.0 4005 73.3
Exposure to CT X-rays 0.033
Yes, any exposure
before cataract surgery
3947 14.9 4573 83.7
No 22,487 85.1 889 16.3
Use of systemic steroids 0.033
Yes, any use before
cataract surgery
11,701 44.3 2504 45.8
No 14,733 55.7 2958 54.2
Socioeconomic factors
Insurance amount (NTD$) <0.001
40,000 and above 1310 5.0 159 2.9
20,000e39,999 1841 7.0 318 5.8
1e19,999 14,757 55.8 3133 57.4
Fixed amount 8526 32.3 1852 33.9
Urbanization level <0.001
1 (most urbanized) 6720 25.4 1212 22.2
2 6975 26.4 1457 26.7
3 4237 16.0 875 16.0
4 4496 17.0 999 18.3
5 (least urbanized) 4006 15.2 919 16.8
CT ¼ computed tomography; SD ¼ standard deviation.
Fig. 2. KaplaneMeier estimation of cumulative incidence rates of cataract surgery
following acute stroke compared with the comparison group. *** p < 0.001.
Y.-C. Chen et al. / Journal of Clinical Gerontology & Geriatrics 4 (2013) 7e11 9can be divided into seven strata, ranging from level 1 (“most
urbanized”) to level 7 (“least urbanized”).10 In this study, levels 5, 6,
and 7 were combined into a single group: level 5.
2.5. Statistical analyses
Data were linked using SQL server 2008 (Microsoft, Redmond,
WA, USA) and analyzed by SPSS software (SPSS, Chicago, IL, USA).
Chi-square and independent t tests were used to assess differences
in demographic factors, co-morbidities, and socioeconomic factors
between the stroke group and the comparison group. The Kaplane
Meier method was used to estimate the 5-year incidence rates of
cataract surgery following acute stroke events. The Cox propor-
tional hazard model was used to compare the incidence rate of
cataract surgery between the stroke and the comparison groups
after adjustment for the aforementioned covariates. A two-tailed
level of 0.05 was considered statistically signiﬁcant in the model.
3. Results
During 2000 and 2003, 31,896 patients (5462 survivors of acute
nondisabling stroke and 26,434 age- and sex-matched controls)
were extracted from the nationwide NHIRD database and followed
for cataract surgery for 5 years. The mean age of patients devel-
oping acute stroke was 66.9  8.4 years. Overall, 482 patients (8.8%
of the stroke group) received cataract surgery following acute
stroke events, whereas 1897 patients (7.2% of the comparison
group) underwent cataract surgery during the follow-up period.
3.1. Comparison of demographics, co-morbidities, and
socioeconomic factors by groups
After matching for age and sex, the stroke group showed
a signiﬁcantly higher prevalence than the comparison group of the
co-morbidities of diabetes (p < 0.001), hypertension (p < 0.001),
dyslipidemia (p< 0.001), coronary heart disease (p< 0.001), CT use
(p < 0.001), and use of systemic steroids (p ¼ 0.033). Meanwhile,
the proportion of patients in the lower insured wage bracket was
higher in the stroke group than in the comparison group
(p < 0.001), and stroke patients were more likely to live in less
urbanized areas than their comparisons (p < 0.001) (Table 1).
3.2. Incidence of cataract surgery
The medical records of all individuals in the stroke and
comparison groups were traced for 5 years until they either
received cataract surgery or dropped out of the NHI database. The
mean follow-up times for the comparison group and the stroke
group were 4.75 and 4.60 years, respectively. The number of
patients receiving cataract surgery increased steadily in both
patient groups. The incidence of cataract surgery in the stroke
group was 27% higher than that in the comparison group (1.9% per
year in the stroke group vs. 1.5% per year in the comparison group;
log-rank test; p < 0.001). These results suggest that the stroke
group was more likely to receive cataract surgery than the
comparison group (crude hazard ratio 1.27; 95% conﬁdence interval
1.15e1.41; p < 0.001) (Fig. 2).
After adjustment for demographic proﬁle, co-morbidities, and
socioeconomic factors, the incidence of receiving cataract surgery
was 12% higher in the stroke group than in the comparison group
(hazard ratio 1.30; 95% conﬁdence interval 1.15e1.48; p < 0.001)
(Table 2). Moreover, the ﬁtted multivariate Cox regression model
revealed signiﬁcant associations between cataract surgery and
female gender (p < 0.001), older age (p < 0.001), diabetes
(p < 0.001), status of atherosclerosis (p ¼ 0.01), use of systemicsteroids (p < 0.001), and lower insured wage (p ¼ 0.044). No
interactions between acute stroke and other dependent factors
were statistically signiﬁcant (all p> 0.1), so thesewere not included
in the regression model.
Table 2
Crude and adjusted hazard ratios for use of cataract surgery among patients expe-
riencing acute stroke during the 5-year follow-up (n ¼ 31 896).
Total sample Comparison group
without stroke
Minor stroke group
Received cataract surgery in 5-year follow-up period
Yes, n (%) 2379 (7.5) 1897 (7.2) 482 (8.8)
No, n (%) 29,517 (92.5) 24,537 (92.8) 4980 (91.2)
Crude hazard ratio
(95% CI)
1.00 1.27 (1.15-1.40)y,***
Adjusted hazard
ratio (95% CI) a
1.00 1.30 (1.15-1.48)y,***
CI ¼ conﬁdence interval.
a Adjustments were made for the patient’s age and gender, hypertension,
diabetes, dyslipidemia, atherosclerosis, exposure to computed tomography, use of
systemic steroids, amount of monthly insurance, and urbanization level.
y p < 0.001.
*** p < 0.001.
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Patients in the stroke group tended to receive cataract surgery
earlier (mean age 71.6 years) than the comparison group patients
(mean age 73.1 years; p < 0.001 by t test) (Fig. 3). The median time
to cataract surgery in the stroke group (2.42 years) was 4 months
earlier than in the comparison group (2.1 years; p< 0.001 by t test).
4. Discussion
An association of increased cataract surgery following acute
stroke events has been reported,13 but it was deemed controversial
whether there was a casual relationship. The present study,
involving the comparison of 5-year follow-up data for acute stroke
patients and a matched comparison cohort, conﬁrmed that an
acute stroke event may trigger the need for cataract surgery after
adjustments for age, sex, demographic characteristics, co-morbid
medical conditions, use of systemic steroids, CT exposure, and
socioeconomic factors. Although both aging and co-morbidmedical
conditions play an important role in cataract formation, the results
suggest that stroke survivors might have a more positive attitude
toward cataract surgery than elders without co-morbid disease.
Heightened awareness among both patients and physicians may
contribute to the increased incidence of cataract surgery after acute
stroke. Concerning patient awareness, an acute stroke event canFig. 3. Mean and difference of age at cataract surgery between the study groups.
*** p < 0.001.result in a certain degree of neurological deﬁcit(s) and/or visual
impairment, which can adversely affect independent living.2
Moreover, fear of falling or an increased risk of falls related to
visual loss may also produce considerable psychological trauma.11,12
These factors may raise patients’ awareness of visual acuity and
prompt them to seek an ophthalmic consultation to correct visual
problems such as cataracts.
The earlier median age for surgery and the shorter waiting time
between stroke and cataract surgery in the group of stroke patients
may imply an increased need for cataract surgery that supports the
study results. However, a previous study evaluating the healthcare
preference of older adults found that older adults tend to refuse
cataract surgery,13 which differs from the present study results.
Such differences may have resulted from the clinical characteristics
of the study participants. This study evaluated stroke patients
rather than otherwise healthy elderly persons in the community,
and individuals’ intentions and motivations to improve their vision
may vary dramatically between such groups.
In addition, physicians’ awareness may also contribute to the
increased rates of post-stroke cataract surgery. Despite the fact that
Taiwan’s NHI program confers a high coverage rate and high
availability of medical services, ophthalmic health services are still
underutilized.14 Inadequate knowledge and unwarranted concerns
may reduce the rate of cataract surgery in rural areas.15 Stroke
patients tend to be followed regularly at one medical service
provider; as a result, they have a greater chance of being referred to
an ophthalmologist to correct their visual problems.
There are some limitations to this study. First, the severity of
neurologic deﬁcits in the nondisabling stroke groups may vary. The
use of home care service was used as a proxy indicator to distin-
guish disabling stroke from minor stroke. However, there may be
some, albeit few, patients with disabling stroke who do not use
home care services. As the rate of cataract surgery among patients
with disabling stroke is extremely low, the incidence rate of cata-
ract surgery in the stroke group may have been underestimated.
Second, no detailed information of visual acuity was available in
this cohort. Therefore, we were unable to determine the length of
time between patients noticing a visual loss and their seeking
surgery. As a result, the incidence of cataract surgery may not
completely reﬂect the incidence of cataracts among both groups.
Despite these limitations, stroke as a strong independent predictive
factor for cataract surgery has been conﬁrmed in this population-
based cohort study.
5. Conclusions
This study examined the sequential effect of stroke and cataract
surgery in a large-scale population-based cohort study. Acute
stroke events triggered a 30% increased need for subsequent cata-
ract surgery in the 5-year follow-up period. This sequential rela-
tionship of stroke and cataract surgerymay be explained by the fact
that stroke-related disabilities promote patients’ need for better
vision to improve their independence of daily living. Further
prospective cohort studies are needed to clarify the determinants
that cause stroke survivors to seek cataract surgery.
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